ABSTRACT. Organ culture of blood vessels is a useful technique to analyze long-term effects of drugs. Various growth factors are responsible for structural and functional changes during vascular remodeling. We investigated 1) basic contractile characteristics in organ-cultured rat mesenteric arteries (MA) in serum-free condition and 2) long-term effects of fetal bovine serum (FBS). Rat isolated MA with [E (+)] or without [E (-)] endothelium were divided into 1) freshly isolated (fresh), 2) cultured for 3 days without FBS (control) or 3) with 10% FBS (FBS). In E (+) control, maximal contraction by noradrenaline (NA), endothelin (ET)-1 and 5-hydroxytriptamine (5-HT) was similar to that in fresh. In E (-) control, maximal contraction by NA decreased whereas that by ET-1 and 5-HT didn't change from fresh. In E (+) FBS, maximal contraction by NA, ET-1, and 5-HT increased from control. In E (-) FBS, maximal contraction by NA and ET-1 decreased whereas that by 5-HT increased. In E (+) or E (-) control and FBS, sensitivity to NA and ET-1 increased from fresh. In E (+) and E (-) control, sensitivity to 5-HT decreased from fresh, and that in FBS further decreased from control. Three-day organ-cultured rat MA in serum-free condition preserved enough contraction to enable analysis for long-term effects of drug. In FBS, maximal contractions by NA and ET-1 increased in E (+) and decreased in E (-) from control, while those by 5-HT increased in both E (+) and E (-).
In order to sturdy the long-term effects of drugs, animal models have been used extensively. However, due to complicated in vivo kinetics and individual differences, analysis and interpretation of data is often difficult. In contrast, cell culture techniques make it possible to investigate direct effects of drugs and easily control experimental conditions. However, in the cell culture condition, tissue architectures and tissue specific functions are not completely preserved. Furthermore, it is difficult to examine the long-term effects of drugs using cultured vascular cells. Organ culture of blood vessels is thought to be a useful technique to analyze the long-term effects of drugs because it is possible to free from complicated factors existing in vivo and better preserve the differentiated cell functions [21, 22] .
Due to easy handling and management, rats have been used widely in the fields of experimental medicine such as physiology and pharmacology. A rat genome has been clarified, and the most rat genes correspond to those of humans and mice [4] . Since inbred and mutant strains have been established in rats, experiments using rats are reproducible and reliable. However, there are only a few reports that investigated the basic contractile characteristics after longterm organ culture of rat mesenteric artery.
Vascular remodeling occurs in cardiovascular disorders such as hypertension, atherosclerosis and diabetes. Various growth factors generated in the lesion are responsible for the structural changes by chronically affecting on the vessel wall and making vascular endothelial and smooth muscle cells to dedifferentiate and proliferate or migrate [15] .
The aim of the present study is 1) to investigate the basic contractile characteristics in organ-cultured rat mesenteric arteries compared with the freshly isolated ones, and 2) to study long-term effects of FBS, which contained indefinite but various growth factors on the contractile properties.
MATERIALS AND METHODS
Tissue preparation and organ culture procedure: Male Wistar rats (205-385 g, 6-12-week-old) were anesthetized with urethane (1.5 g/kg, i.p.) and euthanized by an exsanguination. The main branch of the superior mesenteric artery was isolated under sterile conditions. After removal of fat and adventitia in Tris-buffered saline (TBS), the mesenteric artery was cut into rings (1-mm in diameter) for organ culture and measurement of isometric tension. In some experiments, the endothelium was removed by rubbing the intimal surface with a flat face of a pair of forceps. Arterial rings were then placed in 2 ml Dulbecco's Modified Eagle Medium (DMEM) without (control) or with 10% FBS (FBS) supplemented with 1% penicillin-streptomycin. They were maintained at 37 o C in an atmosphere of 95% air and 5% CO 2 for 3 days. Freshly isolated arteries (fresh) were prepared as described above but without the use of sterile conditions. Animal care and treatment were conducted in conformity with institutional guidelines of the Kitasato University.
Measurement of muscle tension: The arterial rings were placed in normal physiological salt solution (PSS), which contained (mM): NaCl 139.9, KCl 5.4, CaCl 2 1.5, MgCl 2 1.0, NaHCO 3 23.8, and glucose 5.5. Ethylendiaminetetraacetic acid (EDTA), 1 M, was also added to remove the contaminating heavy metal ions which catalyze oxidation of organic chemicals. The high K + (72.4 mM) solution was prepared by replacing NaCl with equimolar KCl. These solutions were saturated with a 95% O 2 -5% CO 2 mixture at 37 o C and pH 7.4. Smooth muscle contractility was recorded isometrically with a force-displacement transducer (Nihon Kohden, Tokyo, Japan) as described previously [12, 13] . Each muscle ring was attached to a holder under a resting tension of 0.5 g. After equilibration for 30 min in a 3 ml organ bath, each ring was repeatedly exposed to high K + solution until the responses became stable (60-90 min). Concentration-response curves were obtained by the cumulative application of agonists.
Chemicals: The chemicals used were as follows: noradrenaline (NA), endothelin (ET)-1, 5-hydroxytriptamine (5-HT) and DMEM (Sigma-Aldrich, St. Louis, MO, U.S.A.); FBS and Penicillin-Streptomycine (Invitrogen/GIBCO, Carlsbad, CA, U.S.A.). 5-HT was dissolved in HCl (0.1 N). Others were dissolved in distilled water.
Statistics: The results of the experiments are expressed as means ± SEM. Statistical evaluation of the data was performed by ANOVA followed by Bonferroni's test for comparisons of three groups (fresh, control, and FBS). A value of P<0.05 was taken as statistically significant. The concentration of an agonist required for the half maximal effect (EC 50 ) was determined by sigmoidal curve fitting using a SigmaPlot software (Jandel Scientific, Richmond, CA, U.S.A.). All pD 2 values were calculated as the -log 10 EC 50 . The concentration-response curve in E (-) FBS didn't change compared with that in E (-) control [pD 2 for the E (-) FBS; 8.16] .
RESULTS

Noradrenaline
Endothelin (ET)-1-induced contraction in organ-cultured endothelium-intact rat mesenteric arteries:
In E (+) fresh, 
ET-1-induced contraction in organ-cultured endothelium-denuded rat mesenteric arteries:
In E (-) fresh, ET-1 (0.1-30 nM) induced contraction in a concentration-dependent manner with a maximal force of 2.98 ± 0.33 g/mg w.w. (n=18, Fig. 4A ). In E (-) control, ET-1 (0.1-30 nM) caused contraction with a similar but slightly decreased maximal force compared with that in E (-) fresh (2.23 ± 0.47 g/mg w.w., n=10, Fig. 4A ). In E (-) FBS, ET-1 (0.1-30 nM) caused contraction with a slightly decreased maximal force compared with that in E (-) control (1.71 ± 0.44 g/mg w.w., n=13, Fig. 4A ). The normalized concentration-response curve in E (-) control shifted to the left compared with that in E (-) fresh [ Fig. 4B ; pD 2 for the E (-) fresh and E (-) control was 8.17 and 8.36, respectively]. The concentrationresponse curve in E (-) FBS didn't change compared with that in E (-) control [pD 2 for the E (-) FBS; 8.28].
5-hydroxytriptamine (5-HT)-induced contraction in organ-cultured endothelium-intact rat mesenteric arteries:
In E (+) fresh, 5-HT (30 nM-30 M) induced contraction in a concentration-dependent manner with a maximal force of at 5-HT 100 M, n=11, Fig. 6A ). The normalized concentration-response curve in E (-) control significantly shifted to the right compared with that in E (-) fresh ( Fig. 6B; pD 2 for the E (-) fresh and E (-) control was 6.10 and 5.09, respectively). The concentration-response curve in E (-) FBS significantly shifted to the right compared with that in E (-) control [pD 2 for the E (-) FBS; 4.57]. 
DISCUSSION
In the present study, we examined basic contractile characteristics in organ-cultured rat mesenteric arteries under serum-free condition compared with the freshly isolated ones, and further explored long-term effects of FBS on the contractile properties. It was concluded that 3-day organcultured rat mesenteric artery in the serum-free condition preserved an enough contraction to enable the analysis for long-term effects of drugs. Effects of FBS varied dependent on the types of agonists and/or the existence of endothelium.
Influences of serum-free organ culture on contractility of smooth muscle: In the present study, we demonstrated that contractile sensitivity to NA and ET-1 in control increased compared with that in fresh. It was previously shown that sensitivity to NA increased after a 7-day serum-free organ culture of rabbit mesenteric arteries [22] . Similarly, it was reported that sensitivity to an ET B agonist, sarafotoxin 6c increased after a 1-day serum-free organ culture of rat mesenteric arteries [7, 11, 18, 19] . Several explanations are available to the increased sensitivity to agonists after serumfree organ culture; 1) up-regulation of receptor to each agonist, 2) activation of intercellular signaling pathways such as tyrosine kinase or protein kinase C (PKC), 3) increase in resting membrane potential by decreasing the expression and/or function of K + channels, or by increasing the expression and/or function of voltage-dependent Ca 2+ channels and transient receptor potential channel (TRPC), 4) production of reactive-oxygen species (ROS). In rat mesenteric arteries cultured for 1 day in the serum-free medium, the upregulation of alpha 1A adrenoreceptor [3] and ET B receptor [7, 11, 18, 19] was reported. With regard to the activation of intercellular signal pathways, a non-receptor tyrosine kinase, src-dependent increase of NA-induced contraction was reported in rat mesenteric arteries cultured in the serumfree condition for 2-3 days [16] . Additionally, it was reported in the same report that the expression of mRNA and protein of TRPC 6 increased after 2-3 days organ culture in the serum-free medium [16] . It was also reported in serum-free organ-cultured rat intrapulmonary arteries that the delayed rectifier voltage-gated K -dependent contraction increased [14] . We confirmed that the concentration-response curve to K + (10-72 mM) in control shifted to the left compared with that in fresh (n=2-3, data not shown), suggesting the increase in resting membrane potential. Finally, it was reported in rat mesenteric arteries cultured for 14 hr in the low-serum (1%) medium that relaxation induced by acetylcholine or sodium nitroprusside was impaired and that the impairment was reversed by the cell permeable super-oxide (O 2 -) scavenger, nicotinamide adenine dinucleotide phosphate (NADPH) oxidase inhibitor or xanthine oxidase inhibitor [5] . The results suggest that ROS may be produced from rat mesenteric arteries during organ culture. We observed that a ROS scavenger, tempol (0.1 M) did not reverse the left-ward shift in the concentration-response curve to NA and ET-1 in control (n=3, data not shown), suggesting that ROS might not be responsible for the increased sensitivity in our experiments. In the present study, we revealed that contractile sensitivity to 5-HT in control decreased compared with that in fresh. In contrast, it was previously reported in a 1-day serum-free organ culture of rat mesenteric arteries that the sensitivity to 5-HT and the expression of 5-HT 2A -receptor increased compared with that in fresh [2, 8] . It is speculated in our study that some of 5-HT receptor subtypes existing in fresh arteries are down-regulated during a 3-day organ culture.
In the present study, we found that the maximal force induced by NA, ET-1, or 5-HT in control was similar but slightly decreased compared with that in fresh. Similarly, it was previously shown that the NA-induced maximal force decreased in rabbit mesenteric arteries [22] and rat tail arteries [6] cultured for several days in the serum-free medium. The decrease in agonists-induced maximal contraction in serum-free organ-cultured artery might be due to the timedependent decrease in the amount of contractile protein presumably via protein catabolism, since morphological examination revealed the degenerative changes in the medial layer of control compared with fresh (n=4, data not shown).
Influences of organ culture with FBS on contractility of smooth muscle: In the present study we found that the maximal force induced by NA and ET-1 in E (+) FBS increased compared with that in E (+) control. Previously the decrease in endothelial nitric oxide (NO) synthase (eNOS) mRNA expression and the impairment of NO production were shown after 7-day organ culture of rabbit mesenteric arteries in the presence of FBS [21] . Therefore it might be possible that the decrease in endothelium-derived relaxing factors including NO could lead to the increase in the agonistsinduced maximal force. Further, 'uncoupling of eNOS' might be applicable to explain the increased maximal force in E (+) FBS. Uncoupled eNOS does produce not NO but [1, 10] . Thus, the decrease in NO production may affect ion-channels activities in vascular smooth muscle cells to increase the maximal contraction in E (+) FBS.
We found that the NA-and ET-1-induced maximal force in E (-) FBS decreased compared with that in E (-) control in contrast to the results of E (+) FBS. Morphological changes including proliferation, disorientation and death of smooth muscle cells in the medial layer after 7-day organ culture of rabbit mesenteric arteries in the presence of FBS are shown previously [22] . The structural changes were also reported after 4-day organ culture of rat tail arteries in the presence of FBS [6] . We also observed such morphological changes in the medial layer of FBS (n=4, data not shown). The severity of the morphological changes was higher in E (-) than E (+). Therefore, it is suggested that these morphological changes could cause the decrease in agonists-induced contraction. Furthermore, it is assumed that the disappearance of the protective effects of endotheliumderived NO may also enhance the morphological damage, since we observed that a NOS inhibitor, L-NAME decreased the NA-induced maximal contraction in E (+) FBS (n=3, data not shown).
Contrasting to NA and ET-1, we found that the sensitivity to 5-HT in FBS decreased compared with that in control. It is suggested that FBS further down-regulated the 5-HT receptor subtypes existing in fresh arteries. We also found that the 5-HT-induced maximal forces in E (+) or E (-) FBS increased compared with that in control. Up-regulation of different subtypes of 5-HT receptors may explain the increase of 5-HT-induced maximal force in FBS. Further studies are needed to determine which 5-HT receptor subtypes are expressed in organ-cultured arteries.
In summary, the present result demonstrated that 3-day organ-cultured rat mesenteric arteries in the serum-free condition preserved an enough contraction to enable the analysis for long-term effects of drugs. Long-term effects of FBS on contractility of isolated blood vessels vary dependent on the types of agonists and the existence of endothelium. The present study provides additional information on the basic contractile characteristics in organ-cultured rat mesenteric arteries for several days (3 days). By using this technique, it will become possible to investigate long-term effects of drugs on isolated blood vessels, which preserve contractile phenotype of smooth muscle cells, and to pharmacologically and pathologically clarify the mechanisms underlying the vascular contractile dysfunction seen in hypertension and/or diabetes.
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